Introduction {#sec1-1}
============

Traumatic brain injury (TBI), defined as "an alteration in brain function, or other evidence of brain pathology, caused by an external force,"\[[@ref1]\] is considered to be one of the most serious, disabling neurological conditions across the globe. In recent past, fatigue has been cited as a common, long-lasting problem after TBI ranging between 21% and 73%, depending on the characteristics of the study population.\[[@ref2][@ref3]\] In several studies, fatigue has been reported to have a negative effect on social, physical, and cognitive functioning\[[@ref4]\] and participation in everyday activities.\[[@ref5]\]

The term "fatigue" has several meanings. Physiological fatigue refers to the state of general tiredness due to physical or mental exertion, which can be improved by rest.\[[@ref6]\] Psychological fatigue has been defined "as a state of wariness related to reduced motivation, prolonged mental fatigue, or boredom."\[[@ref7]\] A state that refers to tiredness not linked with previous exertion level, and not ameliorated by rest, is termed "pathological fatigue."\[[@ref8]\]

Sleep disturbances, such as insomnia, are very common following TBI and have been reported in frequencies from 40.2%\[[@ref9]\] to as high as 84%.\[[@ref10]\] A positive association between fatigue and insomnia has been suggested in several studies in recent past.\[[@ref11][@ref12][@ref13]\] Similarly, fatigue in TBI patients has also been reported to have a close correlation with depression as suggested by Kempf *et al*.\[[@ref14]\] and Englander *et al*.\[[@ref12]\] Depressive disorders develop commonly among individuals with TBI, with estimated frequencies ranging from 6% to 77%.\[[@ref14]\] Within this range, most experts on this subject accept an estimated 1^st^-year post-TBI depression frequency in the range of 25%--50%.\[[@ref14][@ref15]\] In a recent clinical trial, Sharma *et al*.\[[@ref17]\] had reported the prevalence of depression in 42.15% post-TBI population. Considering these facts, the present study was designed to assess the presence of depression, insomnia, and fatigue in post-TBI patients. This study was also aimed to explore the association between fatigue and insomnia and to assess risk factors associated with fatigue.

Materials and Methods {#sec1-2}
=====================

Participants included both new and follow-up TBI patients regardless of severity of trauma from the Neurosurgery Ward and OPD of SMS Medical College and Group of Hospitals, a 3000-bedded super-specialty tertiary care center. The institutional ethical committee approval was obtained. The nature and purpose of the study were explained to the participants, and written informed consent was obtained from the participants. All the participants were evaluated for eligibility. To be included in the study, participants had to be 18 years or older, had at least 2-week old injury, had a history of TBI with a documented loss of consciousness or other evidence of a TBI (i.e., pathology on neuroimaging), and were able to comprehend or answer verbal or written questionnaires. Participants were excluded from the study if they were known (1) to have a serious medical illness, (2) had a current substance abuse disorder using Diagnostic and Statistical Manual, Fourth Edition (DSM-IV) criteria, (3) had mass brain lesions or other neurologic diagnoses other than TBI, and (4) had a history of current or past psychosis or mania, major depressive disorder (MDD), or any other mental disorders except current insomnia or depression using DSM-IV criteria.

Measures {#sec2-1}
--------

Demographic and injury characteristics of the participants were assessed on a self-designed semi-structured proforma by interviewing the participants and exploring the medical records and neuroradiological investigations. Preinjury history of their insomnia, depression and substance abuse, if any was also taken into account from the participant or their next of kin. Interview was focused on assessment and severity of TBI, fatigue, insomnia, and depression using Glasgow Coma Scale (GCS), Fatigue Severity Scale (FSS), Insomnia Severity Index (ISI), and Patients Health Questionnaire-9 (PHQ-9), respectively.

GCS\[[@ref17]\] is an extensively used clinical scale for assessing the depth and duration of impaired consciousness and coma.

FSS\[[@ref18]\] is the most commonly used fatigue-specific questionnaire. The FSS emphasizes the impact of fatigue on daily life in terms of accumulation of functional fatigue effects, which appears suitable for detecting the presence and severity of fatigue.

ISI\[[@ref19]\] is one of the most commonly used disease-specific measures for self-perceived insomnia severity. The psychometric properties of the ISI have been evaluated in earlier studies and have been reported to have sound measurement quality for measuring perceived insomnia severity and the impact of insomnia in different populations.\[[@ref20][@ref21]\] We used Hindi version of the ISI.\[[@ref22]\]

PHQ-9 is a self-report version of PRIME-MD11, which assesses the presence of MDD using modified DSM-IV criteria.\[[@ref23][@ref24]\] In this study, Hindi version of PHQ-9 was used. We considered PHQ-9 score of 10 or more as depression in this study.

Assessment of lesion location was obtained via computed tomography scans conducted as part of the clinical workup. For this analysis, the results were characterized as the presence or absence of contusions, intracerebral bleed, subarachnoid hemorrhage, epidural bleed, and subdural bleed in different brain regions grouped as frontal, temporal, parietal, occipital subcortical, and/or cerebellar sites.

Statistical analyses {#sec2-2}
--------------------

Data were analyzed using SPSS version 20 (IBM Corporation, Armonk, NY, United States of America), with a 2-tailed level of 5%. The qualitative data were analyzed using Chi-square test, and the quantitative data were analyzed, using Z-test. The criterion for statistical significance was set at *P* \< 0.05.

Results {#sec1-3}
=======

A total of 100 patients were recruited in the present study. The mean age of patients was 35.07 ± 12.88 years. 71% were male (*n* = 71) and 29% were female (*n* = 29). Road traffic accident was the most common cause (75%) of TBI, followed by falls and assaults each accounting for 19% (*n* = 19) and 4% (*n* = 4), respectively. Fifty (50%) patients reported to have fatigue in our study sample. Of these, 24 patients (48%) had moderate fatigue whereas severe fatigue was reported in 26 participants (52%).

A majority of the study population comprised young age between 18 and 47 years, both with fatigue and without fatigue groups. Most of the cases with fatigue had moderate TBI (58%), and almost similar was the proportion of those without fatigue who had moderate TBI. However, none of these sociodemographic variables were statistically associated with fatigue \[[Table 1](#T1){ref-type="table"}\].

###### 

Sociodemographic and injury characteristics of study sample (*n*=100) including fatigue and without fatigue
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In this study population, the prevalence of depression was found to be 84% while that of fatigue and insomnia was 50% and 49%, respectively.

Depression was found associated in all patients with fatigue (100%). Majority of the patients without fatigue also reported to have depression (68%), and this correlation was found statistically significant. Similarly, insomnia was reported in 70% of patients who were fatigued against 28% of patients with no fatigue. This was again statistically significant (*P* \< 0.0002) \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation of fatigue with depression and insomnia in traumatic brain injury patients
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Neuroanatomical localization was also correlated with fatigue. Multiple injury including contusions was the most common (52%) site of impact, followed by cerebral contusions alone in 16% of the cases. Other areas such as extradural, subdural, subarachnoid hemorrhage, and even fracture were also found to be implicated though in lesser frequency \[[Table 3](#T3){ref-type="table"}\].

###### 

Distribution of computed tomography findings in fatigue patients
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Discussion {#sec1-4}
==========

Our study population was closed to the age and sex distribution of TBI in general adult population. The age range was 18--76 years with a mean of 35.07 years and sex distribution was roughly 3:1, similar to general adult population with TBI. Jain *et al*.\[[@ref10]\] had also reported similar findings with regard to age and sex distribution in their study on chronic TBI patients evaluated for sleep disorders.

When we searched evidence of a temporal relationship between clinically important factors and fatigue, we focused on (1) TBI population characteristics (e.g., time since injury, severity of injury, and comorbid conditions) and (2) fatigue -- its frequency, severity, and definition, with the goal of obtaining a set of risk factors that can be used for prognosis and its correlation with insomnia and depression.\[[@ref9]\]

Fatigue was significantly associated with TBI. This figure is somewhat comparable to that reported in studies that have examined fatigue among a variety of residual symptoms following TBI.\[[@ref2][@ref5]\] However, the bulk of these studies involved individuals with minor TBIs and were conducted mainly in the 1^st^ year following the accident. This study represents the efforts to concentrate specifically on fatigue and to characterize this symptom in a sample of individuals with TBI of varying levels of injury severity and covering a broad span of time elapsed since the injury.

Fatigue is thought to be caused by diffuse axonal injury, and particularly injury in brain regions which regulate arousal, attention, and speed of response, including the ascending reticular activating system, limbic system, anterior cingulate, middle frontal, and basal ganglia areas.\[[@ref25]\] Due to the presence of impairments of speed of information processing, attention, memory, and executive function performance of mentally demanding tasks is more effortful for many people with brain injury, which find most cognitively demanding tasks more effortful. It has been suggested that fatigue results from the increased effort needed to keep up with complex everyday demands in the presence of impaired attention, processing speed, and other cognitive functions. Fatigue levels are related to severity of attentional problems. Moreover, while people with brain injury may be able to maintain task performance over time, this is associated with a disproportional increase in blood pressure, consistent with greater effort, and this is associated with fatigue levels, and subsequent emotional distress.\[[@ref26]\] It has also been suggested that neuroendocrine abnormalities, such as growth hormone deficiency, present in many people with brain injury, may underpin fatigue.\[[@ref27]\] Baumann *et al*.\[[@ref28]\] had argued that fatigue is caused by lower levels of the wake-promoting neurotransmitter cerebrospinal fluid hypocretin-1, caused by loss of hypocretin neurons. This may cause daytime sleepiness.

Research into the relation between fatigue and depression is lacking. The prevalence of depression after TBI is variable among studies (6%--77%).\[[@ref14]\] In our study sample, all participants who had fatigue were depressed. In a study of 666 patients at 3 years on average after injury, Seel *et al*.\[[@ref29]\] found that 29% of patients with depression complained of fatigue. Kreutzer *et al*.\[[@ref30]\] in a study of 722 patients with TBI found that 42% of patients were depressed, with 46% complaining of fatigue. Ziino and Ponsford\[[@ref31]\] reported complex relationships between fatigue and depression after brain injury. They found moderate-to-strong correlations between depression (as assessed with the Hospital Anxiety and Depression Scale) and the VAS-F energy and subjective fatigue items. Depression was related to mental effort as the main cause of fatigue according to the cause of fatigue scale. However, depression was not significantly correlated with the impact of fatigue on daily-life (FSS) or with physical effort as the main cause of fatigue. In addition, the authors also found a moderate-to-strong correlation between anxiety and fatigue.

Insomnia was significantly associated with fatigue. Fatigue is one of the most prominent consequences of sleep disturbances and appears in a wide range of sleep disorders (Lichstein *et al*.\[[@ref32]\]). Reports of fatigue almost systematically accompany insomnia complaints. Because between 30 and 70% of individuals with TBI report being affected by some insomnia symptoms, and about 30% fulfill the criteria for an insomnia syndrome (Ouellet *et al*.\[[@ref33]\]), insomnia probably plays an important part in causing or exacerbating post-TBI fatigue.

None of the other variables including sociodemographic or injury characteristics were found to be associated with fatigue. TBI severity was not found to be predictive of the presence of significant fatigue. This result suggests that fatigue is not proportional to the severity or extent of detectable brain damage. Thus, it seems that any significant blow to the head, be it considered minor or severe, may lead to post-TBI fatigue. This result fits with the literature on other neurological conditions, indicating that fatigue does not seem related to the severity of neurological abnormalities (Ingles *et al*., 1999;\[[@ref34]\] van der Werf *et al*., 1998\[[@ref35]\]).

Limitations and directions for future research {#sec2-3}
----------------------------------------------

Since it was a cross-sectional study and follow-up cases were also included, many parameters were determined by relying on medical record available. A prospective study of individuals postinjury should give a better idea of the natural history of fatigue; it would also have been better capture injury severity with more precise measures of length of coma or posttraumatic amnesia. Longitudinal research could also help clarify to what extent perceptions of deficits change over time and are associated with changes in fatigue, including specific types of fatigue.

Conclusion {#sec1-5}
==========

Post-TBI fatigue is a common symptom. Its frequency may change over time, but fatigue can persist even many years after injury. Fatigue is commonly associated with symptoms of depression or sleep disturbance. Therefore, clinical and research investigations of fatigue post-TBI should include concomitant screening for treatable depressive symptoms and sleep disorders.
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